SULPHUR BLACKENING OF CAN INTERIORS
AS INFLUENCED BY THE SEVERITY OF BEEF PROCESSING

Z.Zlieuba

o
It is generally belived, that sulphide stain on tiuplawd

velops mainly during the period of processing the filled can® 8t
high temperature and may continue to grow slowly during subseqﬁy
storage at ordinary temperatures (Hoare et al,,1965).

However, any quantitative evidence regarding the exten? w:
which the sulphur blackening of can interiors occurs, with Iegﬂb
to the severity of processing and storage conditions is lackﬂ%'
The reported study has been made in order to elucidate thes€ 7’

lationships,

EXPERIMENTAL

The tinplate for containers y
Non-lacquered tinplate 99 x 63 mm round cans were used. 0”

ies and ends were made from 0,28 mm hot-dipped tinplate, Witht

following characteristics: ]
IR MBAENE. 15 ThiT T i e s i £OV 35.5 6/% /
"abdocyanate VaLUer o, S s L e e 0.168 mg;
(Hoare and Britton,1962) iron per square deciw;
Ehe-_Pron SednblontVaLIIe ™« 5 o Te sy b v v b ki Sides 54 micﬂ%Zf
(Hoare and Britton,1962) of iron per square deciﬂ

Outline of processing and storage procedure

W
a
Tins of beef "in jelly" type were prepared. The fresh i
14
beef meat was taken from the round of cows about 4-5 years ¢ f
0
It was stored four days after slaughtering at 2-4°C. The pl

b1
meat was 5,8, fat content about 2,2% and protein content (¥

18.8%.
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Each can was packed to about 430 g net weight, The filling

%4 the following formula:

beer meat, cut into cubes of about 3 em ., ........... .. 360 g
Connective tissues constituents, comminuted ........... 10 g
€elatin of high quality ................oooononnnnn., .. 10 g

Salt .

The stationary heat sterilization was affected at 121°C and

15,
S*c Ucing the small laboratory retort (De vilbriss, U.S.A.) pack-

oq

Yith go.44 cans, and filled with water, All cans were water-
Qoo

leq until a temperature of 40°C inside was reached,

To recora the heat penetration, the NiCr-Constantan thermo-
Co

Up3
. Ple Deedles were inserted radially at the geometrical centre
t

t
Y0 cans tested (Foster Instrument Co., Ltd, England). The

g
T
1liz&tion values (Foc) were controlled during heating using a
uler10&1 v

0 ariant of the improved general method (Patashnik,1953).
0
thay

‘ way nearly equal sterilization values at both temperatures
e a

8Chieved, as given in Table 1,

th After sterilization, the canned samples were divided into
Toe

2 Separate parts A, B and C, being stored before opening for

h
» TS, at 5°C, 28 days at 35°C and the same period at 55°C res-
etively

“‘h :
t
Ltation of a sulphide film on a tinplate

Y, The degree of sulphide staining is usually determined by
u

8, ®Xamination of the cans and therefore satisfactory preci-
]

i
§ not possible.
T

t°“m1

Be Quthor developed for the purpose a special experimental

que, called the Leucometer Test, Details of this technique
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will be publlshed elsewhere, In brief, test specimens of the tif
plate from the same batch as the cans investigated, with the Odg
protected in melted tin, were introduced inside the meat £111406'
being examined in chosen period after processing., Using 99 x 63
cans, two test samples of the size 50 x 50 mm were placed insid?’
the Leucometer value (7V), expressed in per cent of absolute vl
ness was then wmeasured with Zeiss's Leucometer, Magnesium oxide
{87.41 LV) served as a standard,

Two readings for each side of the test specimen were recor&
ed and each group investigated included four cans, thus giving ¥
readings per one group, All comparisons were made using the cal”
culated average values,

3

Even for most heavy stained samples, the coefficiemnt of o
tion was only 2,9%.

A good correlation has been obtained between instrument ré
ings with test specimens and six visual panels score, the corr®
tion coefficient, r, ranging from 0,70 to 0.81 for 25 dii’fer"nt
groups of cans taken from this study, Judges were scoreing the

. . T
sulphide staining on the whole inner surface of cans, which we

prepared ag flat "can patterns" to facilitate evaluation,

e?
It was noticed, that various types of intact tinplate, o

4
hot-dipped and electirolytic types, are similar in their LV. pe
example, LV of electrolytic tinplate N°75 (coating weight 16. 6

5 P
(m“) was 66.65%1.48 as compared with 67.45%1.24 for the hot'dlp

tinplate (coating weight 35.5 g (m?).

4
18
Therefore the direct leucometer readings for stained %P7
are of more then only relative valne,
Sterilization weight loss determination ;
P

Accordin; early observation of Kefford and Lynch (1941/’'
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m::::tion of gaseous hydrogen sulphide is not a stage in the for-

the : 0f sulphide stains, but blackening of can interior is under
Ction or sulphide ions in the liquid, For that reason the

**1lization weight loss, which is, especially for low-fat pieces

s&m::at» largely water, was determined for each group of canned

es
. Meat parts (about 370 g) were weighed before cans' filling

then after sterilization (as drain weight), the weight loss

bei
n
o g Computed as per cent of the fresh meat part,

Wisticg

Qﬁlcuj:i differences found in the experiments were statistically

Mﬁone ed using Tukey's simplified procedure, as described by

. Y et al, (1957). The regression equation were computed from
Values obtained.

&H ol RESULTS AND DISCUSSION

\\JL‘I;Elgggening within each of experimental group

b
he differences found between the sulphide effect of the

QQH
leg
g beef or equal Foc at two temperatures might be rather neg-
ct
ed (Table 2)‘
Th
L © differences between A, B and C storage types for each
Qess
1“& temperature, compared with the former storage type

ty

Pe

tag A being compared with the intact tinplate) were all signifi-
N tat the
L3}
\\JL“~Elgckenggg_as influenced by the sterilization value

On
ly very significantly differences within each of storage

0.01 P level,

Co
oL
ty
‘1th °ns were found, when the experimental groups were compared
th
® former sterilization value effect om LV.

Ay
plg ®rage values of LV obtained are plotted against F,. at
1,
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As discussed before, the hyperbolic functions found are in”

dependent, in fact, of the processing temperature for the equal
sterilization values, The storage of canned beef resulted in
slightly but progressive staining 5f can interiors.

Sualphur blackening versus sterilization weight loss of meat

The sterilization weight losses measured soon after procesy
ing (samples type A) for each of the experimental group and pro”
cessing temperature, are given in Table e, 3
In similarity to sulpide staining changes, weight losses 207
the both processing temperatures are also quite similar within
each of experimental group,
A When tne LV measurements are plotted against these steriliﬁr
tion weight losses of the range observed, a linear correlation i
found for each type of Storage, independently of processing te,pf
rature {(Fig.2. ).
In other words, after initial rapid staining as a resul?t of
& considerable drip loss connected with a mild heat treatment onﬂ
(Foc 3), the further sulphide staining was found to be true 148"
ar function of the sterilization weight loss,

The following correlation coefficients, r, and appropriat®
regression lines were found to be valid, being computed for each

eight groups of samples in the range of 30 - 50% weight loss (X%

storage type r regression line
A - 0.93 LV = 80.29 - 0.73 X
B = 0.95 LV = 74,48 - 0.73 X
C - 0,95 LV = 76.63 - 0.73 X

¢
According to the "rule of thumb” that corrosion reaction o
in plane cans is doubled for every 10°C rise in storage teHPer”

0
ture (Xoehler and Canonico, 1957), the storage conditions B and
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(% days at 35°C and 55°C) may be considered as equal to 4 and 14
%ﬂths at 15°C respectively,

From the results obtained the sulphide staining of can inter-
lhx depends of the liquor content of the canned product, exist-
e Q“ring sterilization, as the result of the product formula and
me Severity of processing, effecting drip loss from the meat,

It may be concluded, that the liquor content of the can 1111—
ig (Or for the given product, sterilization weight loss) reflects
QlQsely the amount of the sulphide ionms,

HS == HS ~ + H'

» BYa.+s
r‘%D"nsible for the formation of sulphides on the surface of tin-
Dlate.

For the type of product studied, only slightly but gradually

Qekening of the can interiors took place, Since Parr and Levett
1969) OPServed that hydrogen sulphide in cooked chicken meat dis-

e 3
Qreq rapidly after cooking, even in nitrogen atmosphere, and

the

®thor (ziemba, 1970) indicated the interaction between hydro-
“aisulphide and ammonia in canned beef, a slow rate of sulphur
Uing on storage is confirmed with these findings,
The direct influence of sterilization loss on the sulphide

8o
kening of can interiors was recently confirmed in our labora-

Ory
¥ith a comminuted canned beef product.
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\\Eij;‘The sterilization value of thermal processes, Foc‘*)
My
0
hsessing Experimental group
@re I II ITI v
1150¢ 1.91 6.33 13.76 30.49

y2ec 3.04 5.95 13.81 31.46

maximal value found,

Q})l
R Changes in sulphide staining of can interiors (4 cans

tested) as LV : statistical significance of differences
between samples processed to equal Foc value at 115°C
and 121°C within each of experimental group,

\\\\“~‘_7 P level
ExDEr-
oy, imental Storage conditions type
’ A B C
1
0.05 NOT 0.01
Iy
NOT NOT 0.01
III
0.05 0.01 0.01
0.01 0.05 0.05

/

~2
“ hrs  g¢ 5°C, B - 28 days at 35°C, C - 28 days at 55°C

T‘lee
3. The sterilization weight loss of canned beef, %£.

(aVerages of duplicated determinations for A type samples)

Py
t Dcessin R
“upey g Experimental group
Ature 1 II ITT Iv
11500
29.7 34.9 1.2 45.9
121 oC

28.4 32.6 39.9 45.9
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Fig.1. Relationship between sulphur staining of can intﬂy
iors (expressed as LV) and sterilization valué o%
canned beef (points for samples processed ab 11
made dark)e.
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2. Regression between sulphur staining of can

interiors (expressed as LV) and the sterilization
weight loss of canned beef (points for samples pro-

cessed at 115°C made dark).
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